We describe a rapid, precise, and reliable procedure for assay of trimethoprim in serum and urine by ion-pair chromatography. Trimethoprim concentrations in urine are determined by an externally standardized, direct-injection procedure; assay in serum involves a simple preliminary extraction and internal standardization.
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The assays are suitable for pharmacokinetic studies and have been applied to determination of trimethoprim concentrations in serum and urine during therapy with Co-trimoxazole, a sulfona- scribe an assay involving ion-pair chromatography that fulfills these requirements. 
Materials and Methods

Materials
Materials)
and apply 10 pL of this solution to the chromatographic column via the sampling loop. Using the 10-pL sampling loop, apply 25 pL of either urine or aqueous standard directly to the column.
Linearity, Recovery, Precision, and Accuracy
To determine linearity as a function of on-column sample weight, we chromatographed 10-pL aliquots of aqueous tnmethoprim standards, 0-1 g/L (equivalent to 0-10 pg oncolumn weight). Serum trimethoprim standards covering the range 0-6 mg/L were analyzed; the difference in detector response between these and directly injected aqueous standards 
Results
Determination of Chromatographic Conditions
Various eluents were examined to determine the best chromatographic conditions for use with a C18 reversed-phase column. Our results for typical neutral, acidic, basic, and ion-pair solvents in relation to retention, chromatographic efficiency, and resolution from sulfonamides as column capacity factor k', reduced plate height h, and resolution func- in Table 1 . The retention volume for diazepam was 9 mL ± 0.5 mL, the retentions of in-aminoacetophenone and trimethoprim relative to diazepam were 0.61 and 0.81, respectively. The retention of a small unknown peak relative to diazepam (see Figure   la) was 0.69.
Analytical Recovery
Serum: Absolute recovery depended on the total amount of extraction solvent transferred and was 80± 10%. Recovery relative to the diazepam internal standard, as calculated by the ratios of peak heights, was found to be 98 ± 9.2% (n = 30), and for the m-aminoacetophenone internal standard 101.6 ± 7.7% (n = 30).
Urine:
Absolute recovery was 100 ± 1.0% (n = 10).
Linearity and Sensitivity
Serum and urine: Linearity was demonstrated over the range 0-6 pg on-column sample weight for extracts from serum with use of either internal standard and for directly injected aqueous standards (i.e., equivalent to 0-6 mg/L for serum extracts and 0-600 mg/L for directly injected standards). Sensitivity-i.e., the lowest quantifiable concentration-was equivalent to 20 pg/L when 5-pm packing material was used and 70 pg/L when 10-pm packing was used. Rs -1.0 for both).
Urine:
Although no extraction was used, no interference by drugs other than noted above was found. A small endogenous peak could not be resolved from trimethoprim using the 
Quantitation
Serum: Because linearity had been established and found to be reproducible, unknown serum concentrations were calculated as follows. The ratio trimethoprim peak height/internal standard peak height was compared with the ratio obtained for a 1.5 mg/L serum tnimethoprim standard assayed in triplicate, and the unknown concentrations were calculated by proportion.
Urine: External standardization was used; concentrations ranged from 25 to 400 mg/L. To allow for any variation in the chromatography while performing a batch analysis, a 100 mg/L standard was injected after every fourth sample; the values obtained from this "correction" standard were referred to the value for the 100 mg/L standard used in the calibration line. This was the "target" value. Any variation in a drift standard was corrected, and the correction was applied to the two unknown samples on either side of that standard.
We thank Dr. H. Townsend (Berk Pharmaceuticals, Guildford, Surrey, U.K.) for the supply of drug standards and some items of equipment to facilitate the development of this assay. As may be seen from Table 1 , the use of reversed-phase chromatography with protonation of the amine groups of trimethoprim and formation of an ion pair gave the greatest efficiency and optimum retention times; this is consistent with the work of Knox and Jurand (6) .
As illustrated by the results shown in Figures 3-5 these analytical procedures are applicable to drug-disposition studies of trimethoprim in humans.
The dosage frequency was 12 h, approximating the biological half-life of trimethoprim. Such a frequency should result in cumulation being more than 95% complete by the fifth dose (7), i.e., about 60 h after the initial dose. This is not reflected in Figure 4 , where the steady state appears to have been reached in 36 h. This may be the result of individual variation in drug-disposition kinetics or -some other cause. However, in a larger series of subjects we
ApplicatIon have found the expected cumulation (unpublished results). The initial absorption and distribution curve (first 12 h) is
The calculated elimination half-life is within the range illustrated in Figure 3 . The peak absorption is seen at about quoted by other workers (8) . The serum "steady-state" and 2 h, with a concentration in serum of 2.1 mg/L; using data on values for urine are sufficiently high to ensure an adequate the post-peak concentrations after the initial dose, we calcuantimicrobial effect for most common pathogens. lated the elimination half-life (as a plot of time vs log conDosage intervals and amounts may require adjustment and, centration) to be 10.8 h for this subject. Continued dosing at to confirm that the minimum inhibitory concentration is 12-h intervals (i.e., a time approximating the elimination achieved, it is necessary to measure the drug concentrations half-life of the drug) leads to "steady state" conditions. e., pharmacologically active) trimethoprim therapy it is advisable to maintain serum and urinary conafter the initial dose was 36.7% (i.e., 58.7 mg); a total of 56% centrations of both drugs equivalent to those found in persons of the administered drug (i.e., 896 mg) was excreted during with normal renal function (9) .
the five-day period; the concentrations ranged between 126 and 238 mg/24 h.
Discussion
The procedures described here allow quantitation of tnmethoprim in the concentrations found in human body fluids during the course of antimicrobial therapy. The standard curve is linear over the required range, and the methods are precise, accurate, and reliable. They have been used by a variety of operators to process over 600 samples without any difficulty.
Initially, diazepam was used as the internal standard because the method was required for assay of samples from volunteers whose medication was known. However, for application of this procedure to the general population, an alternative internal standard may be necessary because diazepam is so frequently prescribed. Compounds containing amines were strongly retained in this chromatographic system and m-aminoacetophenone proved to be a good alternative internal standard, eluting before tnimethoprim.
rn-Aminoacetophenone therefore saves analysis time; an efficient column will resolve the benzodiazepines that elute close to this standard.
